Abstract. Oil Vapor recovery is a critical process in downstream chemical industries, in oil and gas industries and in environmental protection. It is crucial for researches to accurately quantify the concentrations of VOCs in both gas and aqueous phases before and after treatments (physical adsorption and catalytic remediation). In this paper, we introduce the GC configurations for both online analysis for gas phase samples and headspace analysis for aqueous samples. Data analysis and error propagation analysis are also discussed.
Introduction
Volatile Organic Compunds (VOCs) are present in all natural and synthetic materials, and can exist not only as structurally-diverse liquids and solids but also as vapours, and are thus a significant airbourne consideration when biomonitoring human exposure levels, for analysing odour issues, and in the interest of food contact.
VOCs are measured by collecting samples and submitting for analysis in the laboratory, using techniques such as GC to ensure that nothing harmful or toxic is present, by breaking down the airstream into constituent parts. However, VOCs are often present at low levels (ppm and sub ppm) that can cause issues regarding detection. Detectors and columns selections are crucial for the separation. Table 1 and Table 2 list common stationary phase in columns and common detector types. 
Gas Phase Online Analysis

GC Method
Online GC analysis is the most commonly used method for detecting and quantifying gas phase VOC level, especially in the application of gasoline vapor detection and recovery in gas station [3] . Polluted gas composition can be monitored by an online Gas Chromatography (GC) (Agilent 7890B), equipped with an FID detector with CP-SilicaPlot capillary column; a TCD detector with ShinCarbon ST packed column. Table 3 lists the detailed GC method. Figure 1 shows the chromatographs of reference gases from TCD and FID detectors. The detailed data analysis method is described in section 2.2. 
Analytical Calculations
1. Absolute moles of a component "i" (n i , with unit of moles):
ܑ where RF i is the response factor (area counts/mol) and A i is the GC area counts of component "i"
Expansion factor:
where IS is an internal standard.
Mole % of component i (M i , %):
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Headspace Analysis
GC Method
Most consumer products and biological samples are composed of a wide variety of compounds that differ in molecular weight, polarity, and volatility. For complex samples like these, headspace sampling is the fastest and cleanest method for analyzing volatile organic compounds. A headspace sample is normally prepared in a vial containing the sample, the dilution solvent, a matrix modifier, and the headspace (Figure 2 ). Volatile components from complex sample mixtures can be extracted from non-volatile sample components and isolated in the headspace or vapor portion of a sample vial. An aliquot of the vapor in the headspace is delivered to a GC system for separation of all of the volatile components.
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Figure 2. Phases of the headspace in the vial [3] .
G=the gas phase (headspace). The gas phase is commonly referred to as the headspace and lies above the condensed sample phase. S=the sample phase. The sample phase contains the compound(s) of interest and is usually in the form of a liquid or solid in combination with a dilution solvent or a matrix modifier.
Once the sample phase is introduced into the vial and the vial is sealed, volatile components diffuse into the gas phase until the headspace has reached a state of equilibrium as depicted by the arrows. The sample is then taken from the headspace. Table 4 and Figure 2 show the GC specification and chromatograph for headspace analysis. 
Analytical Calculations
Pentane can be is introduced as the inert internal standard, the relative concentration of VOC in the system can be expressed as the ratio of GC area of VOC to pentane ( 
Error Propagation Analysis
Relative standard deviation for absolute moles of a component "i" (n i , with unit of moles):
Relative standard deviation for expansion factor:
Relative standard deviation for conversion of VOC (X, %): Figure 3 below shows the relative standard deviations for conversion calculated from the above equations. For conversion, relative standard deviation (∆X/X) decreases drastically with increasing conversion. At 1%, 3%, 5%, 10%, 50%, and 90% conversions, the calculated error bars for conversions are: 162%, 53%, 31%, 15% and 0.2%, respectively. That indicates for conversions ≤ 5% calculated error bars are larger than 30%. 
